The bitter orange flower oil (or nerolì) is an essential product, largely used in perfumery. Nerolì is obtained by hydrodistillation or steam distillation, from the flowers of bitter orange (Citrus aurantium L.). Since a long time nerolì production is limited and its cost on the market is considerably high. The annual production in Tunisia and Morocco is ca. 1500 Kg, representing more than 90% of the worldwide production. A small amount of nerolì is also produced in Egypt, Spain and Comorros (not exceeding 150 kg totally). Due to the high cost, the producers and the users have tried to obtain less expensive products, with odor characters close to that of nerolì oil to be used as substitute and sometimes as adulterants of the genuine oil. In this study are investigated five samples of Egyptian nerolì oils produced in 2008 and 2009, in the same industrial plant, declared genuine by the producer. For all the samples the composition was determined by GC/FID and by GC/MS-LRI; the samples were also analyzed by esGC to determine the enantiomeric distribution of twelve volatiles and by GC-C-IRMS for the determination of the  13 C VPDB values of some mono and sesquiterpene hydrocarbons, alcohols and esters. The analytical procedures allowed to quantitatively determining 86 components. In particular the variation of the composition seems to be dependent on the period of production. In fact, the amount of linalool decreases from March to April while linalyl acetate presents an opposite trend, increasing in the same period. The RSD determined for the  13 C VPDB are very small (max. 3.89%), ensuring the authenticity of all samples. The results are also discussed in function of the limits provided by the European Pharmacopoeia (EP) (2004), AFNOR (1995) and ISO (2002) regulations for genuine nerolì oils.
The oil of nerolì is obtained by hydrodistillation or by steam distillation of the flowers of bitter orange (C. aurantium L.).
Nerolì, rose and jasmine are often cited as "the three pearls of perfumery". Nerolì is the classic ingredient of the most famous and prestigious perfumes and eau de cologne. It is also used as flavor ingredient in food and beverages. In traditional Chinese medicine the extracts from bitter orange flowers are used to treat digestive problems and insomnia.
Nerolì is the product of a laborious work: the flowers, which bloom between the end of April and the beginning of June are collected manually during the first hours of the day; one worker can collect about 20 Kg per day for a period of 20 days; the flowers are hydro-or steam-distilled with a yield ranging from 0.08% at the beginning of the season to a maximum of 0.13% under the most favorable conditions. The production in the European Mediterranean Countries (mainly France) is subject to a strong decrease, mainly for the specialized working cost necessary to collect the flowers, and for the contraction of the cultivated fields of bitter orange.
The annual world production of nerolì is today less than 2000 Kg; most of it is concentrated in Morocco and in Tunisia. Small amounts of nerolì, about 150 Kg/year, are produced in Egypt, Spain, and Comorros. The market price of nerolì is considerably high and the organic product can be sold at more than 4,500 USD/Kg. It is therefore predictable that this oil can be subject to adulteration by the addition of less valuable natural products, such as the oils obtained from flowers of citrus different from C. aurantium, or by addition of leaf oils or of synthetic compounds. The adulteration of nerolì oil is not easily identifiable, mainly because the reference data available in literature, relative to oils produced industrially and extracted in laboratory [1] [2] [3] , ranges widely and is also probably affected by the geographic origin of the trees. Based on the rules AFNOR (Association Francaise de Normalization) [4a] , ISO (International Organization for Standardization) [4b] and EP (European Pharmacopeia) [5] , some of the results available in literature should not indicate genuine samples. Very few results are available in literature on the enantiomeric distribution of volatiles determined in nerolì oils [6] [7] [8] [9] [10] . In the authors knowledge the IRMS analysis was never performed before on nerolì.
Usually essential oils quality assessment is obtained by traditional chromatographic techniques (GC-FID, GC-MS, Es-GC, HPLC) as recently reported by our research group [11] , recognized for their validity in the quality control field. Advanced chromatographic techniques have been also exploited for different essential oils as fast GC/MS [12] and multidimensional GC-GC for quantitative [13] and enantiomeric ratio assessment [14, 15] . Recently has gained importance the Gas Chromatography-Combustion-Isotope Ratio Mass Spectrometry (GC-C-IRMS) that, determining small differences in the isotopic carbon composition of the matrices, can be exploited to discriminate between products of different origin [10,16-18a] . In this regards GC-C-IRMS can be an useful tool in the flavour and fragrance authenticity control, unveiling illicit essential oils production methods, such as the oils adulteration by the addition of synthetic or natural compounds, different from the genuine ones [18b, 19, 20] .
To our knowledge nerolì oil was never investigated by IRMS. It is therefore particularly interesting to provide information useful for the genuineness assessment of nerolì, also in function of the geographic origin.
The present article reports the results relative to the composition of five samples of Egyptian nerolì produced in 2008 and 2009, to the enantiomeric distribution and the isotopic ratio of selected components. The samples analyzed are described below: Table 1 reports the composition determined by GC-FID, of the samples analyzed. To facilitate comparison with information already available in literature the results are here reported as raw peak area %. The correction factors (C.F.) for each class of substances determined by GC-FID are however reported in Table 1 to provide complete information to the reader. In the case of distilled oils, as nerolì, the volatile fraction should represent the whole oil. The quantitative results obtained from triplicates show CV% values always below 5%. The 86 components identified by GC/MS with the use of LRI as filters interactively applied during the mass spectral identification process [21] represent about 99% of the whole oils. In comparison with literature information this study led to the identification of numerous components (indicated by * in Table 1 ), while the presence of numerous minor components previously reported were not here confirmed.
Hydrocarbons range between 20-25%, oxygenated compounds vary between 73-78%; among these alcohols range from 58 to 70% and esters from 7 to 19%, while aldehydes are present at small amounts (0.16-0.26%). The main alcohol is linalool (44-53%), followed by -terpineol (5-6%) and by geraniol (3-4%). The sesquiterpene alcohols (E)-nerolidol and (E,E)-2,6-farnesol are also well represented ranging together between 2-5%. The main ester is linalyl acetate (2-15%) followed by geranyl acetate (about 3%) and neryl acetate (about 1.5%). The most abundant monoterpene hydrocarbon is limonene (8-12%) followed by (E)--ocimene (3-5%), and by -pinene (2-4%); the main sesquiterpene hydrocarbon is -caryophyllene (0.6-0.9%).
The sample produced in 2008 by hydrodistillation, compared to all the other oils obtained by steam distillation, has the highest amount of linalool and of total alcohols, and the lowest amount of linalyl acetate and of total esters.
In the samples produced in 2009 the composition varies gradually but significantly during the productive season. The total monoterpene hydrocarbons and the single components of this class of compounds, the total monoterpene alcohols and the single components of this class of compounds as well as the ratio linalool/linalyl acetate decrease during the season. Total esters and linalyl acetate present an opposite behavior, as well as the sesquiterpene hydrocarbons and aldehydes. Neryl and geranyl acetate remain constant during the whole season.
In Figure 1 are graphically described the seasonal variation of class of substances and some single components. The results confirm, as reported in literature, that the main components of nerolì oil are linalool, linalyl acetate and limonene. The amount of these components determined in this study fall in the ranges hitherto determined for nerolì oil. It should be however mentioned that in one Egyptian oil [1a] it was determined the 30% of linalool content and 1% of linalyl acetate; the highest value (74%) of linalool was reported for a Chinese oil [1a] which presented a very unusual low amount of limonene (1%); in some Spanish oils [3] were reported very low values of linalyl acetate (0.6%).
The results determined in the present study also confirm the presence of some Key compounds such as methyl anthranilate, methyl N-methyl anthranilate, phenyl ethyl alcohol, (E)-nerolidol, and some newly identified components such as the (E,Z)-and (E,E)-2,6-farnesals, useful for the characterization of this product. Table 2 reports the enantiomeric distribution of some components determined by es-GC. The values are determined from triplicates with CV% never exceeding 5.5% with the exception of that relative to the (-)-thujene isomer which is 8.9% due to the chromatographic behavior of this component. Figure 2 shows the chiral chromatogram of one of the samples analyzed.
The enantiomeric ratios of camphene, sabinene, and -phellandrene and citronellal were determined in nerolì oils for the first time. The values of the enantiomeric
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Natural Product Communications Vol. 6 (7) 2011 1011 [6,7a] ; however, if compared to literature, the enantiomeric excess of (-)--pinene is slightly lower, that of (-)--pinene extremely lower and that of (-)-linalyl acetate is higher.
With the exception of -pinene, the results here obtained for the components analyzed are overall in good agreement with the enantiomeric purity previously determined by Mosandl [6] considered characteristic of genuine nerolì oils. Table 3 reports the (-) 13 C VPDB values calculated for the nerolì oils samples. This study reports for the first time the GC-C-IRMS analysis of selected volatile components in nerolì oil. It is impossible to compare these values with literature information. Figure 3 shows the graph obtained by plotting the  13 C VPDB values for each component analysed in function of the period of production. The relative standard deviation of the  13 C VPDB values range for the samples analyzed between 3.52 ((E)-caryophyllene) and 0.96 (-terpineol). These low values indicate very narrow ranges of variation, therefore it is posible to assume that the  13 C VPDB can be considered characteristic of authenticity and of the geographic origin of the samples. Table 4 provides a comparison of the ranges determined from the present results with the limits provided by the AFNOR, ISO and EP regulations [4, 5] . Some of the results fall within these limits; others fall only slightly outside them; in three of the samples analyzed linalol is present at levels sensibly higher than the limits provided by the aformentioned regulations; -pinene is always below the minima reported for nerolì oils. These behavior could be due to the geographic origin of the oils analyzed.
Considering the high commercial value of nerolì, its limited production in different geographic areas and the high possibility that this product can be subject to adulteration, it is necessary to fix quality parameters in 
Natural Product Communications Vol. 6 (7) 2011 1013 consideration of its variability among different geographic areas. To accomplish this, for a correct evaluation, not only the indices given by these regulations should be taken into account, but also the  13 C VPDB of selected compounds and the chiral purity of more compounds than the two already indicated, thus providing adequate tools for quality and genuineness assessment.
Experimental
Analysis of the essential oils: On the five samples described in text the following analytical investigations have been carried out: GC/FID, GC/MS of the volatile fraction; direct enantio-GC for the determination of the enantiomeric distribution of some volatiles. Each analysis was performed in triplicates. Results are expressed as average peak area %.
GC/FID:
The volatile fraction was analyzed by HRGC/FID as described. GC-C-IRMS instrument achieves highly precise measurement of carbon isotopic abundance, converting the eluted volatile components, in CO 2 and water into an oxidation chamber. After removing water, just behind the furnace, by a capillary-shaped phase separator, CO 2 reaches an ionization chamber where it will be transformed into three ion traces for the different isotopomers: 12 16 O, with their corresponding masses at (m/z) 44, 45, 46.The three ion beams are registered simultaneously by an Universal Faraday collector that detects the different contributions of ionic fragments obtained. Isotopic ratios, 45/44 and 46/44, are expressed in ‰ and are related to a certified standard (VPDB-standard) of known value [20] . Exploiting the GC-Combustion backflush, the most concentrated components were not introduced into the combustion chamber.
The samples dilutions and the GC-Combustion conditions were as follows: concentration 1:10 (v/v), 1 L split injection, 1:100 split ratio, backflush: off, for the determination of  13 C VPDB of limonene and linalool. 
CO 2 reference gas cylinder calibration:
The attained carbon isotope ratio of the unknown sample is compared to that of a calibrated CO 2 reference. The CO 2 reference gas was calibrated by injecting 1 L of a carbon stable isotope ratio reference alkanes mixture comprising C 16 to C 30 (Indiana University, Bloomington, U.S.A.), calibrated against VPDB standard with a defined 13 C content. Isotope ratios were expressed as  values (‰), versus a standard.
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Tricosane (C 23 ) was arbitrarily chosen as reference alkane.
